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Introduction
Impairment of walking ability is a significant concern for 85% of people with Multiple Sclerosis. 1 Foot drop, a frequently occurring problem in Multiple Sclerosis presents as a reduction in dorsiflexion during heel strike and the swing phase of walking, resulting in poor foot clearance, increasing the risks of trips and falls and impacting on health-related quality of life. 1 Two assistive devices, ankle-foot orthoses and functional electrical stimulation, are commonly used in the treatment of foot drop. Ankle-foot orthosis, a polypropylene device worn on the lower leg and foot, limits the range of motion at the ankle and aids foot clearance. 2 Functional electrical stimulation delivers electrical stimulation applied to the common peroneal nerve by means of surface or implanted electrodes, contracting the anterior tibialis muscle during the swing phase of gait. 3 The effects of both devices on walking can be described as orthotic (the difference walking with the device compared to without) or therapeutic (the difference walking without the device over time). There is growing evidence of positive initial and ongoing orthotic effects of functional electrical stimulation. 4 Despite ankle-foot orthoses being considered as usual care in the United Kingdom, few studies have investigated their impact on gait in Multiple Sclerosis 5, 6 and only three small studies have compared the effects of both devices. [7] [8] [9] The cost benefit of functional electrical stimulation has been investigated in Multiple Sclerosis; 10, 11 however no comparison between these devices has been undertaken.
The primary aim of our study was to compare the clinical-and cost-effectiveness of ankle-foot orthoses and functional electrical stimulation over 12 months in people with Multiple Sclerosis presenting with foot drop.
Methods
This study was prospectively registered with the UK Clinical Trials Gateway (Identifier: 15884) https:// www.ukctg.nihr.ac.uk/clinical-trials/search-for-aclinical-trial/. The study was funded by the Multiple Sclerosis Society, UK (Grant Reference: 001). It commenced on 1 April 2014 and was completed on 31 March 2018. Ethical approval was granted by the West of Scotland Research Ethics Committee (14/ WS/0014) and the study was sponsored by NHS Ayrshire and Arran Research and Development department. A fully powered, multicentre, nonblinded, randomized trial design was employed.
Potential participants known to Multiple Sclerosis healthcare practitioners working across seven outpatient centres in Scotland -Ayrshire & Arran, Greater Glasgow & Clyde, Dumfries and Galloway, Lanarkshire, Lothian, Fife and Tayside -were informed of the study and issued with a participant information sheet. Potential participants contacted the researchers if they were interested in participating. Participants required to have a clinical diagnosis of Multiple Sclerosis, persistent foot drop (lasting a minimum of three months) observed during a 5-minute walk test, stable disease (no change in the Extended Disability Status Score 12 or relapse in previous three months), 5° of passive dorsiflexion and tolerance of functional electrical stimulation. Participants were excluded if they had previously used functional electrical stimulation or an ankle-foot orthosis for foot drop, moderate to severe cognitive impairment (scored < 26, Montreal Cognitive Assessment), 13 foot drop due to other disorders, other conditions significantly affecting gait, contraindications to functional electrical stimulation, marked proximal weakness, plantar flexor spasticity, stance phase instability or severe lower limb/trunk ataxia affecting gait.
Potential participants were screened for eligibility, and written informed consent was gained prior to randomization. Participants were randomly assigned (1:1) to receive an ankle-foot orthosis or functional electrical stimulation device, by selecting the next envelope from 85 randomly ordered prefilled sealed opaque envelopes. Demographics were collected: age, gender, Multiple Sclerosis subtype and time since diagnosis. Disability was determined by the Extended Disability Status Score by an unblinded assessor trained in the Neurostatus Scoring System. 14 Outcome measures were administered by two unblinded assessors (Rebecca Hunter and A.L.) at baseline (0), 3, 6 and 12 months, except for the Psychological Impact of Assistive Devices Score 15 which was administered at 12 months only. The primary outcome was walking speed as measured by the 5-minute self-selected walk test. Participants walked twice, once with their device and once without, resting for 20 minutes between. The order of testing was randomized between participants but was kept consistent for each participant throughout the trial. Participants walked at their preferred walking speed around a 9.5 m elliptical course for 5 minutes, resulting in a 10-meter shuttle length. The total distance walked was recorded and the mean walking speed (m/s) calculated. This protocol has been used previously by our group. [16] [17] [18] Two further secondary walking outcomes, the oxygen cost of walking and Timed 25 Foot Walk, 19 were included. The oxygen cost of walking was measured during the 5-minute self-selected walk test. Participants wore the COSMED K4b2 (COSMED, Rome, Italy) portable gas analysis system, a facemask (Hans Rudolph Inc., Kansas City, MO, USA) and Polar heart-rate monitor (Polar, Finland). Calibration was undertaken before each assessment and participants sat for 5 minutes prior to the test to ensure resting metabolism was established. The oxygen uptake per kilogram body weight (mL/min/kg) recorded between minutes 3 and 4 of the walk test was used to determine the oxygen cost per unit distance walked (mL/min/ kg/m). The COSMED system is a valid system for measuring oxygen uptake in healthy adults. 20 For the Timed 25 Foot Walk, participants walked along a 25 foot course 'as quickly as possible, but safely'. The test was repeated four times, twice with and twice without the device. The time taken to complete the walks was recorded using a stop watch and the mean time for each pair of walks was used to calculate gait speed (m/s).
Other secondary patient-reported outcome measures included the Multiple Sclerosis Impact Scale-29, 21 Multiple Sclerosis Walking scale-12, 22 Modified Fatigue Impact Scale, 23 Activities-specific Balance and Confidence Scale, 24 Euroqol fivedimension five-level questionnaire (EQ-5D-5L) 25 and Psychological Impact of Assistive Devices Scale. 15 The Multiple Sclerosis Impact scale-29 has two subscales: physical and psychological, with higher scores indicating a greater physical and psychological impact of Multiple Sclerosis on an individual's life. The Psychological Impact of Assistive Devices scale consists of three subscales: Competence (C), Adaptability (A) and Self-Esteem (SE), which measure the impact of assistive devices on functional independence, well-being and quality of life. 26 The EQ-5D-5L consists of a visual analogue scale of perceived health from 0 to 100 and a questionnaire, the results from which were converted to a utility index, which was used to calculate a health outcome measure, quality-adjusted life years.
Participants randomized to the usual care group were fitted with a custom-made, solid, ankle-foot orthosis by an orthotist, within four weeks of their initial assessment. The recommendations made by the Best Practice Statement for ankle-foot orthoses following stroke were applied. 27 The orthoses were made with 5-mm homopolymer polypropylene, trim lines were anterior to the malleoli and reinforcements added to the ankle section as required. The angle of the tibia was inclined forward, approximately 10° to vertical, and each orthosis was 'tuned' by the addition or removal of small heel wedges.
Participants randomized to the functional electrical stimulation group were assessed and fitted with an Odstock Dropped Foot Stimulator Pace (OML, Salisbury) device by a physiotherapist experienced in functional electrical stimulation (A.L.). Wired heel switches and a stimulation frequency of 40 Hz were applied. Electrode position, pulse width, waveform and ramping parameters were adjusted for each participant in order to achieve a comfortable and efficient muscle contraction. The current amplitude ranged from 7 to 72 mA (mean = 40 mA). Participants in both groups were instructed to gradually increase the wear of their devices over the first six weeks.
Data analysis
Data from the 5-minute self-selected walk test collected from our initial study 5 were applied to determine the sample size. A minimum of 37 participants were required to detect a change of at least 75% of 1 standard deviation value (0.16 m/s) to achieve a power of 90% at a 5% level of significance. Eightyfive participants were recruited allowing for an approximate 15% attrition rate.
Descriptive statistics for demographic data are presented as means and standard deviations unless otherwise indicated. A repeated-measures analysis of variance (ANOVA) model was employed to analyse the outcome variables where the main factors, Group (ankle-foot orthoses/functional electrical stimulation), Time (Baseline (0), 3, 6, 12 months) and for the speed and oxygen cost of walking measures, the Condition (with/without device) and their interactions were applied. The estimated means, standard errors and estimated differences were calculated to inform the ongoing and total orthotic effects and the therapeutic effect on the objective walking outcomes. A Restricted Maximum Likelihood approach to fitting mixed models was employed to allow intention to treat assumptions to cope with missing data. All analysis was performed on IBM SPSS v24, using a 5% level of significance (IBM, New York, USA).
A cost-utility analysis was performed to compare the value for money of functional electrical stimulation with ankle-foot orthoses (usual care). A National Health Service and Personal Social Services perspective analyses was adopted and a discount rate of 3.5% to future costs and health benefits was applied as recommended by the National Institute for Clinical Excellence. 28 Equipment costs for both devices were derived from purchase costs at the time of the study. National Health Service staff costs were based on time spent delivering the interventions during the clinical trial, following interviews with the clinicians involved. The staff time was then multiplied by the relevant Information Services Division unit cost. The EQ-5D-5L data were converted to a utility index using a published algorithm 29 and analysis applied the area under the curve method to determine quality-adjusted life years. Missing values were accounted for by carrying forward the last data point and drop-outs were assumed to revert to an average of the baseline values to capture expected disease progression. The analysis adopted a time horizon of two years to determine costeffectiveness for a further year beyond the trial. The analysis assumes that quality-adjusted life years estimates derived over the first year are maintained for the additional 12 months. Uncertainty was evaluated by undertaking a sensitivity analysis, by varying a number of parameters by up to 10%. Several scenarios were analysed to test the sensitivity of the model to changes in structural assumptions. The base case results are presented as an incremental cost-effectiveness ratio. An incremental cost-effectiveness ratio below the standard threshold of £20,000 (€22,962.00)-£30,000 (€34,443) per quality-adjusted life year is indicative that an intervention is cost-effective. 30 The incremental cost-effectiveness ratio for functional electrical stimulation was calculated using the following standard formula 
Results
Eighty-five participants met the criteria for inclusion and consented to participate in the study between September 2014 and January 2017 (Figure 1 ). Five participants withdrew between the screening and assessment visit. Seventy-nine participants completed the baseline assessment and were included in subsequent analysis. The recruitment and flow of patients through the study is shown in Figure 1 , and the baseline demographic data are detailed in Table 1 . Thirty three participants dropped out over the course of the study and although there was no statistically significant difference in drop-out rates between the groups, the proportion was higher in the ankle-foot orthoses group. Table 2 presents the data for all outcomes, for both groups, at all assessment points (0, 3, 6, 12 months) and the results for the repeated-measures ANOVA model employed for all outcomes.
Impact of devices on measures of walking performance
For the primary outcome measure, walking speed as measured by the 5-minute self-selected walk test, a significant difference was observed between the groups (P = 0.005) with the functional electrical stimulation group consistently walking faster at all assessment points. Over the 12 months, a significant improvement occurred in both groups (P < 0.001), although the groups changed differently over this time (P = 0.028). The functional electrical stimulation group improved steadily for the first six months then declined, whereas changes in the ankle-foot orthoses group fluctuated over 12 months. There was no significant difference between the groups with regard to the effects of the devices.
For the Timed 25 Foot Walk, the functional electrical stimulation group walked faster overall compared to the ankle-foot orthoses group (P = 0.043). There was no significant difference between the groups nor did the groups react differently over the 12 months. There was a significant change in oxygen cost of walking at 12 months (P = 0.002) for both groups; however, there was no difference between the groups.
Impact of devices on Patient Reported Outcome Measures
Significant improvements in the physical subscale of the Multiple Sclerosis Impact Scale (P = 0.040) and the Multiple Sclerosis Walking scale-12 (P = 0.002) were observed and this was most notable at three months in both groups, respectively (P = 0.045; P < 0.001). There were no differences between the groups for Patient Reported Outcome Measures, except for all subscales of the Psychological Impact of Assistive Devices Scale, where the functional electrical stimulation group demonstrated significantly higher scores for Competence (P = 0.016), Adaptability (P = 0.001) and Self-Esteem (P = 0.006) at 12 months. 
Orthotic and therapeutic effects on the speed and oxygen cost of walking
Clinically significant effects were determined by an observed increase in walking speed of ⩾0.05 m/s, which has been previously identified by Perera et al. 31 A clinically significant ongoing orthotic effect for both walk tests was demonstrated in the functional electrical stimulation but not the anklefoot orthoses group (Table 3) . A clinically significant total orthotic effect on the primary walking outcome measure was noted in the ankle-foot orthoses, but not the functional electrical stimulation group at 12 months. There was a negative total orthotic and therapeutic effect on oxygen cost of walking with both devices, except for the ankle-foot orthoses at 12 months where a positive total orthotic effect was observed.
Cost-effectiveness
The total quality-adjusted life years were higher for functional electrical stimulation than ankle-foot orthoses (Table 4) . Further deterministic sensitivity and scenario analysis indicated that the base case incremental cost-effectiveness ratio in the two-year model was relatively robust to changes in parameter values or structural assumptions.
Discussion
Both devices demonstrated improvements in walking speed at 12 months, although there were no significant differences in their effects. There were many drop-outs over the course of the study and the proportion was higher for ankle-foot orthoses, although there was no statistically significant difference between the groups. The non-significant positive ongoing orthotic effects observed with functional electrical stimulation were of a similar magnitude to the results previously published in a meta-analysis from our group with respect to the combined long walk (i.e. 0.04 m/s) but not the short walking tests (i.e. 0.08 m/s). 4 Two small studies previously investigating the ongoing orthotic effect of ankle-foot orthoses on walking speed reported inconclusive results. 5, 6 Only three small non-randomized studies have previously compared the impact of these two devices on walking outcomes in Multiple Sclerosis. [7] [8] [9] Sheffler et al. 7 reported mixed results on gait speed (n = 4), and a more recent study (n = 20) 9 found no difference between the devices on the speed or energy cost of walking. Street et al. 8 reported a significant difference in walking speed (n = 40, P = 0.03) in favour of functional electrical stimulation; however, participants issued with functional electrical stimulation had already rejected ankle-foot orthoses, potentially biasing results. Such results suggest that devices may offer similar efficacy or that the walking performance measures selected may not be sensitive enough to detect differences that exist.
No clinically significant therapeutic effects on walking speed were observed in either group, although the pattern of effect was different. Results from a recent meta-analysis comparing the therapeutic effect of both devices in a stroke and cerebral palsy population also reported comparable positive effects. 32 No previous studies have evaluated therapeutic effects of ankle-foot orthoses in Multiple Sclerosis; however, several functional electrical stimulation studies have investigated these effects over shorter time frames [33] [34] [35] [36] [37] [38] with inconclusive results. Our previous meta-analysis reported a deterioration in unstimulated walking speed during long Values presented are British pounds and euros. Year 2 costs represent the cumulative total of year 1 and year 2 costs.
walking tests following 20 weeks of functional electrical stimulation. 4 Nevertheless, Street et al. 35 reported a third of participants gained clinically meaningful therapeutic effects, while a third experienced a decline in walking over the same time frame. Given the neurodegenerative nature of Multiple Sclerosis, it seems unlikely that either device could offer a therapeutic effect over the longer time frame investigated in our study. However, as observed by Street et al., 35 it may be possible that a subgroup of people with Multiple Sclerosis have the potential to experience such effects and we observed small positive therapeutic effects with ankle-foot orthoses at 12 but not 6 months. This finding suggests that changes may take longer than six months to develop with ankle-foot orthoses. Further kinematic and neural control studies are required to corroborate these findings and to understand the possible underlying therapeutic mechanisms of these devices in people with Multiple Sclerosis. There were no significant differences between the devices with regard to their impact on the oxygen cost of walking. To our knowledge, only one other study has compared the ongoing orthotic effects of these devices on the energy and efficiency of gait and reported no difference between these devices. 9 Nevertheless, there were different patterns of effects observed between the groups, with the functional electrical stimulation group demonstrating small non-significant positive orthotic effects throughout, and the ankle-foot orthoses group observing a greater positive total orthotic effect (-0.05 mL/min/kg/m; 14.7%). These results are difficult to interpret. However, they may have been influenced by the lower baseline oxygen cost of walking in the functional electrical stimulation group.
There was no difference between the groups with regard to the patient-reported outcomes, except for the Psychological Impact of Assistive Devices Score where participants in the functional electrical stimulation group reported significantly higher scores for all three subscales. Two previous studies evaluated the impact of surface 34 and implantable 39 functional electrical stimulation on the Psychological Impact of Assistive Devices Score. Scores for the functional electrical stimulation group in the current study (Competence (1.53); Acceptance (1.00); SelfEfficacy (1.41)) were similar to those observed by Taylor et al. 39 (Competence (1.59); Acceptance (1.34); Self-Efficacy (1.44)). The Psychological Impact of Assistive Devices Scale has been found to be predictive of device compliance and retention and is responsive to device stigma. 40 Higher scores observed in the functional electrical stimulation group suggests that device acceptance may be greater than ankle-foot orthoses. Although both devices aim to promote functional autonomy, assistive technology can be viewed as a symbol of disability, a loss of independence and altered self-image. 41 Some participants in the ankle-foot orthoses group reported that wearing their device emphasized their disability and this may have contributed to the higher rate of device abandonment observed in this group. Squires et al. 42 suggests that assistive technology needs to meet both the physical and psychological needs of an individual to ensure positive outcomes and continued use. Future studies therefore need to consider the psychological acceptance of a device in addition to its impact on walking outcomes.
Against a background of financial constraints, there is a need for evidence of the cost benefits of interventions. Our study indicates that although the upfront costs of functional electrical stimulation are greater than usual care (ankle-foot orthoses), it may be considered as a potentially cost-effective treatment option for foot drop and offers a value for money alternative in Multiple Sclerosis. The incremental cost-effectiveness ratio for years 1 and 2 for functional electrical stimulation were below the National Institute for Health and Care Excellence's conventional thresholds of £20,000 (€22,962)-£30,000 (€34,443) per quality-adjusted life year. 28 No previous studies have examined cost-effectiveness of functional electrical stimulation exclusively within Multiple Sclerosis or compared the costeffectiveness of these two devices. Two previous economic evaluations which examined the costeffectiveness of functional electrical stimulation in a mixed neurological population reported incremental cost-effectiveness ratios of £25,235 (€28,972.30) over one year, reducing to £12,431 (€14,272) over five years 10 and £15,406 (€17,688) compared to physiotherapy. 11 An economic report undertaken in 2009 found that functional electrical stimulation was likely to be cost-effective, although data were almost exclusively from studies recruiting stroke participants. 43 The results of our current economic analysis concur with these previous investigations and suggests that further improvements in cost-effectiveness of the device could be gained with greater compliance, thus offsetting the upfront costs and allowing the benefit of treatment to accrue over the longer term.
This study has several limitations. Despite this study being powered to detect change, the relatively small number of participants recruited and the high overall drop-out rates, with a greater loss from the ankle-foot orthoses group, make it difficult to draw definitive conclusions. In addition, the participant, assessor and treatment provider were not blinded, thus ascertainment bias is likely, although such bias may be less relevant with objective outcomes, such as gait speed. 44 The multicentre design of this study enhances the generalizability of results. However, although the ankle-foot orthoses prescription was standardized, variations did occur across sites. Ankle-foot orthoses specification can influence biomechanical aspects of gait, thus impacting on walking performance outcomes 45 and device retention. The anklefoot orthoses prescription employed was based on stroke guidelines and it is not clear whether this prescription was the most appropriate for people with Multiple Sclerosis, particularly those presenting with a less severe foot drop where such a rigid design may have resulted in higher drop-outs. Further investigation is required to identify the most appropriate and acceptable prescription. We excluded participants with stance phase instability and reduced passive range of ankle motion; therefore, findings are only applicable to those with mainly swing phase impairments.
Although the 6-minute walk test has been found to be an accurate walking performance test to assess the benefits of assistive technology for foot drop in Multiple Sclerosis 46 the validity and reliability of our primary outcome, the 5-minute selfselected walk test, has not been established. This is a significant limitation of this study.
The inclusion of an economic analysis is a strength. However, analysis did not consider the impact on other healthcare resources, the time horizons were short and the differences detected in quality-adjusted life years for both devices were small. Therefore, despite undertaking sensitivity and scenario analyses, the results should be treated with caution.
Results from this randomized trial, which to the best of our knowledge is the first and largest study undertaken comparing the clinical-and cost-effectiveness of two interventions for foot drop in Multiple Sclerosis over 12 months, have provided evidence that functional electrical stimulation is comparable to ankle-foot orthoses with regard to its impact on walking speed and patient-reported outcomes. Although this study suggests that functional electrical stimulation may also provide a value for money alternative to usual care, a larger study which includes follow up of device drop-outs, and the employment of long-term modelling to explore the cost and quality-adjusted life years of both interventions over the lifetime of a person with Multiple Sclerosis, is required before definitive conclusions can be drawn with regard to the cost-effectiveness of functional electrical stimulation. Further investigation as to how both interventions impact on walking, from a biomechanical, muscle activation, neural control and personal perspective, is also recommended. The results from this study will nevertheless begin to inform clinical decisions and contribute towards future policy decisions regarding the management of foot drop, ultimately improving outcomes for people with Multiple Sclerosis.
Clinical messages
• • Ankle-foot orthoses and functional electrical stimulation have comparable positive orthotic effects on gait speed in Multiple Sclerosis. • • Despite higher initial upfront costs for functional electrical stimulation, it offers a value for money alternative to usual care. • • More people stopped using ankle-foot orthoses than functional electrical stimulation over 12 months.
